Liposomes (phospholipid vesicles) have been successfully employed as drug-delivery systems and as powerful research tools for studying biomembranes I I ] . The nature of thc aggregates is known to depend on the structure of thc component lipid molecules and this relationship has prcviously been analysed in terms of mathematical models 121. As an alternative to this approach we have developed a computer programe VESICA (q.v.), which we hope will aid the design of novel amphiphiles with predetermincd vesicular properties.
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To simulate the structures of liposomcs, the VESICA (VEsiclc Slmulation and Computer Analysis) program produces two spherical projections of icosahedra, each of which is triangularly tessellated, to provide a template on to which copies o f the lipid can bc placed. Thc relative orientations and conformations o f the molecules are then intcractively adjusted t o optimize their steric and electrostatic interactions.
In thc present work, the program has been used to test two models proposed for the structure of small unilamellar vesicles (SUVs) of dipalmitoylphosphatidylcholine (DPPC). Modcl A uscs data provided by Huang & Mason 131 and model B uses the same data as reworked by Cornell et ul. [4] . In modcl A, the hydration layer of the vesicle is assumed to be distinct from the polar head group layer, whereas in model B it is considered as an integral part of this layer. The different assumptions made lead to SUVs with different anhydrous inner and outer radii (62.0 A versus 59.2 A and 99.0 A versus 105.0 A ) and different inner and outer monolayer thicknesses (7.7 A versus 12.0 A and 12.6 8, versus 17.5 A).
When using the program VESICA t o stimulate SUV structures, the lipid aggregation numbers employed arc limited t o the allowed orders of tessellation. in order t o permit hcxagonal close packing. In the two SUVs modelled here. therefore, the aggregation numbers are different from thc reported values (1632 and 792 versus 1658 and 790), but are well within the limits of experimental error.
Model A simulation of the DPPC SUV lcads t o unacceptable closc contacts between the polar head groups in the outer monolayer and does not allow for sensible stercochemistry of the inner lipid alkyl chains; in addition, it g' rives a different area per molecule for the outer and inner monoIaycrs (60.8 A: and 74.3 &, respectively).
In model B the areas per molecule in the two monolayers arc equal ( = 73.0 A?) and both the hydrocarbon chains and polar head groups are readily accommodated within their allotted space in the bilayer. The predicted conformations of the lipid in the two monolayers are shown in Fig. 1 . The outer monolayer lipid conformation is approximately the same as observed in the crystalline state [ 51, the only diffcrences being a slight kink in the y-chain and a rotation about the C,C,O,,P bond to move the a-chain towards the SUV surface. The inner lipid monolayer conformation shows significant coiling of the y-chain and has the head group pointing towards the SUV centre. The predicted differences in the conformations of the head groups are consistent with the data obtained by n.m.r. 161 and [7] . Taken together, therefore, these data show that model B provides a more realistic Abbreviations used: VESICA, vesicle simulation and computer analysis; SUV. small unilamellar vesicles; 1)PPC. dipalmitoylphosphatid ylcholine. A modified version o f the VESICA program has also been used t o model the structures of spherical micelles of ionic surfactants. and the samc assumption of a hexagonal arrangement of the polar head groups appears to givc equally acceptable rcsults.
Further modifications of the program will allow for the modelling of non-spherical micclles and microemulsions. The analyses and predictions afforded by such programs will hopefully lead t o a better appreciation of the correlation between the structures of lipids and their aggregates (including biological membranes).
